An agar diffusion method using paper disks on plates seeded with Clostridium perfringens and incubated anaerobically to assay serum levels of metronidazole is described. The lowest serum metronidazole concentration that could be measured was 0.7 ug/ml, and the average error was 4% for 5 ,ug/ml. This assay could measure metronidazole in the presence of gentamicin or in the presence of penicillin, with the use of penicillinase incorporated into the assay plates, or in presence of penicillin, methicillin, and cephalothin with prior exposure of the specimen to beta-lactamase.
Metronidazole (Flagyl) has been reported to have excellent in vitro antibacterial activity against a wide variety of anaerobic bacteria (3) and recently was found to be effective in the treatment of infections caused by anaerobic bacteria (3) . Previously, concentrations of metronidazole in body fluids have been assayed chemically (1) , but no microbiological assay has been reported. The present report describes a simple, accurate, microbiological assay of metronidazole in serum or other body fluids by using a modification of an agar diffusion method (2) .
MATERIALS AND METHODS
Assay organism. A inhibition were measured to 0.1 mm with an antibiotic zone reader. By using semilog graph paper, a standard curve was constructed from the known serum concentrations of metronidazole (on the log scale) against diameters of zones of growth inhibition (on the linear scale). Concentrations of metronidazole in sera were determined from this curve. The serum concentration of metronidazole in the presence of penicillin, methicillin, or cephalothin was assayed after exposure to a broad-spectrum beta-lactamase produced by Bacillus cereus 569, as previously described (2) . Disks were saturated in serum containing 10 Ag of metronidazole/ml, 10 sg of metronidazole combined with 100 Mg of either penicillin G, methicillin, or cephalothin, and 100 Mg of either penicillin, methicillin, or cephalothin/ml alone which had or had not been exposed previously to beta-lactamase, and the disks then were placed on assay plates.
In addition, the serum concentration of metronidazole in the presence of penicillin G was assayed by addition of 10' U of penicillinase (Difco)/ml of heart infusion agar; disks saturated in 100 ug of penicillin/ ml, 10 gg of metronidazole/ml, or 10 Mg of metronidazole combined with 100 Mg of penicillin/ml in serum were placed on assay plates with and without penicillinase.
Specimens. Serum levels of metronidazole were determined in crossover studies in four normal male volunteers 27 to 42 years of age. Blood was obtained 1, 2, 3, 4, and 6 h after a single oral dose of each of the following: 250 and 500 mg of metronidazole after an overnight fast and 500 mg within 0.5 h after a meal.
RESULTS AND DISCUSSION Accuracy of the assay system. The relationship between the log of the drug concentration and zone diameter was linear between 0.7 and 20,ug/ml on the 5-ml assay plates and between 1.0 and 20 Mg/ml on the 10-ml assay plate. The highest concentration tested was 20 Mg/ml. The lowest concentration of metronidazole detectable was 0.7 ,g/ml on the 5-ml assay plate and 1.0 ag/ml on the 10-ml assay plate. The accuracy of the metronidazole assay with the 10-ml assay plates was determined by comparison of a known amount of metronidazole (5 ug/ml) with the mean concentration obtained from the standard curve. The mean error of the assay for nine trials was 4% (range 0 to 8%). Although there may have been disk-to-disk variation in the amount of serum which saturated each disk, the error of the assay system (<8%) was below the average error (<11%) reported by others who pipetted uniform quantities of serum onto the paper disks (2) .
Assay of metronidazole in the presence of other antibiotics. Twenty, 10, 5, and 2.5 jg of metronidazole/ml each combined with 20, 10, 5, and 2.5 ,ug of gentamicin/ml in serum were assayed for metronidazole on plates seeded with C. perfringens. The errors of the assay of metronidazole in the presence of gentamicin were 0 to 8% ( Table 1) .
The assay in the presence of penicillin, methicillin, or cephalothin was accomplished by inactivation of these antibiotics with a broad spectrum beta-lactamase without interference with the metronidazole assay. In addition, penicillinase, added to plates seeded with C. perfringens, 
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did not interfere with the assay for metronidazole and completely inactivated 100 Mg of penicillin G/ml in serum alone or when combined with metronidazole. Serum concentration of metronidazole in normal volunteers. The serum metronidazole concentrations in normal volunteers determined by the agar diffusion method using C. perfringens are given in Table 2 . After a 500-mg oral dose in the fasting state, the mean peak serum level was 16.5 ,ig/ml and occurred 3 h after administration. Serum concentrations after the 500-mg dose in the fasting state were at least 7.2 jig/ml at 6 h in all subjects. Serum levels of the drug taken after a meal were slightly lower. Serum concentrations were at least 2.4 yg/ml at 6 h after drug administration in all subjects. This study was demonstrated that serum levels of microbiologically active metronidazole can be assayed by the agar diffusion method with accuracy and in concentrations of less than 1 gg/ml. The assay system can measure metronidazole concentrations in the presence of gentamicin or beta-lactamase-susceptible antibiotics. In addition, this assay method is readily adapted to microbiological laboratories performing assays of other antimicrobial agents by the agar diffusion method.
